the same as the "mouse city" pregnant animals. It was only in retrospect that we were sure that we removed them at the right time, and this accounts for not using all of the litters that are born. We do this instead of examining for vaginal plugs to determine time of pregnancy because this may lead to difficulties from the behavioral point of view.
WILLIAM B. WEIL, JR. (Micliigan State Univ., East Lansing, Mich.):
What would have happened if you had cross-fostered your "mouse city" mice on control mothers, and cross-fostered the control mice on "mouse city" mothers and on control mothers, so that your major variable then would have been prenatal experience. Currently you have both postpartum and prcpartum problems in your experimental design.
DR. FRIEDMAN: That is right. The difficulty has been to get sufficient pregnancies out of the "mouse city." We are still trying this, and you are correct that a "cross-over" study would be desirable.
DR. SOIIEL: Have you considered the possibility that increased adrcnocortical function, which Cristian has demonstrated in overcrowded populations, was a factor in the susceptibility of your animals to infection? DR. FRIEDMAN: We hope to pursue in the very near future two lines as to the possible physiologic mechanisms underlying these differences in susceptibility. One is adrenal function. The other is the role of the spleen, which we have found has a role in the difference in resistance noted in animals housed alone or in groups and infected with Plasmodium berghei.
BARBARA M. KORSCII (Childrens Ilosp. of Los Angeles, Los Angeles, Calif.) : Have you excluded the hypertension aspect of the problem, because some years ago Dr. James Henry, on the basis of his "mouse city" experiments, approached me about doing a small study in human infants. We interviewed to try to determine the stresses in the infants' environments, and he measured the blood pressure in these infants.
It was a small scries, and because of great technical difficulties we never published it, but there were some indications that under these conditions human infants might also develop systolic hypertension as did those mice.
DR. FRIEDMAN: I have seen that manuscript, which has stimulated us. We are planning to start such a study and have done some of the preliminary work, including the use of the apparatus that you described, that Dr. Henry was kind enough to make for us.
We will be measuring blood pressure in human infants in the home, with independent measurements of the psychologic and social factors going on within the household. We take no credit for this design. As you say, this is something that you and Dr. Henry previously have done, but we would like, with some modifications, to replicate those findings. In terms of the animal work, we are currently trying to replicate the blood pressure changes, but are having technical difficulties in the sense of keeping the mouse quiet while we make these blood pressure measurements. I know that it can be done, because I have spent some time in Dr. Henry's laboratory, but eastern mice seem to be a bit more jumpy.
ALLEN S. GOLDMAN (The Children's Ilosp. of Philadelphia, Philadelphia, Penna.) : I wonder whether you noticed any congenital malformations in the offspring, or any abnormality in litter size or felal weight. When I was studying malformations produced by salicylates in rats, I observed that malformations were produced by very low nonteratogenic doses of salicylate if the mothers were treated with the immobilization stress of being tied down for a number of hours after the injection of salicylates. During the course of these experiments we also used crowding as a stress. I found that malformations could also be obtained with nonteratogenic closes of salicylate when after injection more than nine mothers were crowded in a standard size rat cage. Maternal isolation was even more effective in enhancing this production of malformations by salicylate. A population size of three to seven per cage seemed to be all right but a population size of either above eight, or only one per cage, seemed both to raise susceptibility to malformation by salicylate and to enhance the capacity of salicylate to produce markedly undersized fetuses (Goldman, A. S., et «!.: J. Pharmacol. Exp. Then, U2: 351 (19G3) ). I wondered whether malformations or fetal growth retardation may occur in the absence of a poison.
DR. FRIEDMAN: NO, they were not underweight, and we did not observe any anomalies, but, again, we deliberately tried to keep observations and handling at a minimum to avoid extra stimulation.
You bring up one of the most fascinating aspects of the study, that is, the interaction between physical and psychologic factors. I think that the studies that arc going to be most helpful from the clinical point of view are those which are going to take into account physical challenges as well as psychosocial ones.
We are limited, having only one "mouse city." These experiments are long term, and we have four more now building. This should speed our work along considerably.
We have introduced a famine in this city now to determine how the animals as a group adapt to curtailment of half of their food.
S. DOUGLAS FRASIER (LOS Angeles County General Ilosp., Los
Angeles, Calif.): Have you looked independently at the effects of crowding and nutrition? You stated that at the end of 24 hr all of the food was gone. Have you conducted experiments where you fed several times during the clay, so that there was a surplus of food at the end of 24 hr?
DR. FRIEDMAN: Yes. If one does not pay particular attention to maintaining these animals 7 days a week, you can get results that are hard to explain. The population stabilizes in this particular apparatus at about 200 animals with about 720 g food. If you provide unlimited food by expanding the hoppers, the population then settles out at a little over 320 animals in this same apparatus. You can limit the population by space if the food is unlimited, or if you limit the food at any level, you can stabilize the population.
These animals stabilize at roughly the same weight as animals that would be raised in traditional cages. It seems that the mice have more wisdom than some of the higher orders, in that they will limit their population, albeit not by a very nice method, so that they can all stay relatively healthy.
Evidence for a sensitive period in human mothers of full term infants. MARSHALL KLAUS, JOHN KENNELL, RICHARD JERAULD, NANCY C. KREGER, WILLIE MCALPINE, and MEREDITH STEFFA.
Case Western llesewe Unix '. Sell, of Med., Cleveland, O. To determine whether an early critical period exists which affects later behavior, we placed 28 primiparous women in one of two study groups shortly after the delivery of their normal full term infants. Fourteen mothers (routine contact) had the usual physical contact with their infants: a glimpse shortly after birth, brief contact at 3-12 hr, and then 20-30 min every 4 hr for bottle feedings. Fourteen mothers (extended contact) were given their nude babies for 1 hr within the first 3 hr after birth and then had 14 hr of contact in addition to the usual routine during the first 3 days. The mothers' socioeconomic backgrounds, marital state, ages, days hospitalized, attention and time provided by nurses, and infants' weights were similar. Maternal behavior was measured 28-32 days later during (1) a standardized interview of the mother, (2) an examination of the infant, and (3) a time lapse filmed bottle feeding. Extended contact mothers were significantly different from routine contact mothers (P < 0.002): more reluctant to leave the infants to the care of anyone else, usually stood and watched during the examination, and showed greater soothing behavior and sensitivity to the babies' cries. In the analysis of behavior using 000 frames from each feeding film, extended contact mothers showed significantly greater (P < 0.05) eye to eye contact (8.9 versus 2%) and fondling, e.g., stroking and kissing (G.9 versus 1.9%). These studies suggest that simple manipulation of care procedures in the early hours following delivery may significantly alter later maternal behavior and are support for a critical period in the human adult.
Discussion
C. HENRY KEMPE (Univ. of Colorado Med. Clr., Denver, Colo.) .-Docs Dr. Klaus think that maybe one of the critical areas is the first 30 min of life? The newborn baby is wide awake at birth, but then lends to go to sleep, say after 30 min, and for the first 2 or 3 hr after that will not be very responsive to eye to eye contact.
DR. KLAUS:
We have been especially interested in these first minutes, and, as you have noted, there is beautiful matching. The infant is awake and has an ability to follow objects with his eyes as far as 180°. When we recorded on audiotape mothers' responses during the first hours, they were intensely interested in the infants' eyes and were upset and frustrated whenever the baby was sleepy and the eyelids were closed. Several mothers have lold us that they really did not believe the baby was theirs until he looked into their eyes.
We have noted, however, that it may take several minutes for a mother to pull herself together following delivery before being able to take on the baby.
The other part of the question is: what is the proper term for this period? It is tempting to consider that this is a form of imprinting or critical period for an adult human. However, this process does not fit the precise definition. Imprinting has only been defined as occurring in an infant animal. This does appear to lie a special attachment period for ihe mother. We are going to have to find another term for it. KKRNAMK) J. DF. CASTHO (Cardinal Glennon Memorial Ilosji., St. Louis Univ., St. Louis, Mo.) : Could you tell whether these mothers were aware that they were being filmed? DR. KI.AI'S: All mothers that we study know that they are being filmed. We have no secrets.
DR. I' RINZNETTF.R (Chicago, III.): Have you had any experience with mothers who belong to the I.a l.echc group, who are conditioned prepartum to the type of thing that you are talking about? Some of these moihcis insist upon nursing their baby in I he delivery room.
DR. KLAUS: In this study we controlled the admissions so that the mothers, to the best of our knowledge, came from the same population. While designing this study, however, we did have an opportunity to observe other individual mothers.
If a mother had previously lost a baby, and she had no living children, we have noted in a small .sample that she is much more active in the first minutes with her infant, and extremely excited. The mothers that you talk about, who are awake during (he delivery, participate in ihe delivery, and nurse immediately after, are similar to the mothers who have lost a previous infant. DR. MCFARLANF. (Boston, Mass.) : Did you note the drugs or medical ions given to the mothers during the labor? DR. KLAUS: Iloth groups of mothers had the same amount of premedication.
DR. COCIIKAN (Boston, Mass.) : I hope that your study will ihange the pattern of how obstetricians tell pediatricians they must conduct newborn services.
What was the reaction in those mothers whose husbands participated or wondered what was going on? Did you have any husband interaction? DR. KLAUS: First, we agree (hat other populations should be studied.
We have had difficulty with fathers, because in any study it is obviously much simpler to have two people lo study-the mother and infant. The fathers understood that this was a period of time when the mother would be with the baby. The study of fathers poses a number of research problems in that there are three people, and it is another order of complexity.
JULIUS II. RICHMOND (Judge Baiter Guidance Ctr., Boston, Mass.): I would like to congratulate Dr. Klaus and his group for the persistence with which they pursued this problem of a mother's tie to her child. They have given us only a small indication of the technical difficulties in studying such problems.
• low are you doing concerning the sludy of these mothers and babies following the 1-month period? The reason that I raise this question is that in an organism with the long period of dependency between baby and mother that we see in man the concept of critical period may not be a very good one. We need to be cautious about Ihe significance of this very eaily brief period, and Ihe early differences in terms of the long range implications for the infant.
On a humane basis, and on the basis of the data presented thus far, 1 support this kind of program, but I think that it is important that we remain aware of the fact that these differences may wash out. DR. KLAUS: Your point is well taken. My wife is always telling me that she wants 10 know what the babies arc like at the end of a year, and so, to satisfy all of the investigators and my wife, • his summer we are planning to restudy all of the mothers and infants at I year of age. It is very important lo know what happens to these mothers. Will ihe mothers continue to care for their infants differently, and what will (he infanls be like?
IIF.KBERT C. MI I.I. IK (Unix?, oj Kansas Med. Ctr., Kansas City, Kans.) : There was a study done in Huffalo by a group of psychologists who showed that premature babies in the period immediately after birth gained weight more rapidly if they were handled physically, when compared with a control group that had less handling.
Our psychologists have repeated this study in the past year and their preliminary studies confirm those reported by the Huffalo group.
Did you notice any dillerences in gaining of weight in Ihe two groups?
DR. KLAUS: We examined the infants at 1 month of age. Surprisingly, the control group gained slightly more weight, but, statistically, it was just significant. If you observe the feedings, there may be a possible explanation. In the midst of a feeding (he mothers who have had early and extended contact will break the feeding and often start shaking, kissing, ami hugging the baby, as you observed on the film. With a few, it is hard to sec how the baby was able to feed.
ROBERT E. GREENHERG (Chas. A. Drew Postgraduate Med. Sch., Los Angeles, Calif) : I am also troubled by the implication of biologic sensitivity period.
DR. KLAUS: We agree with your caution; however, the mothers in the control group had their babies at home 24 hr a day from the lth day on, and yet they were different at 1 month from the mothers given only lfi extra hr of contact in the first 3 days of life. Again I would like to say that "critical period" may not be the proper word for this time period; however, it does appear to be special.
Urea production rate in the mammalian fetus and its metabolic It has been assumed that Ihe fetus, like the newborn, is in a slate of positive nitrogen balance and, therefore, produces a relatively small amount of urea. To test this hypothesis, pregnant ewes were prepared with indwelling fetal and maternal catheters. The urea concentration clilTerencc between fetal and maternal arteries was consistently positive. Antipyrine and "C-urea were infused into the fetus approximately 1 week postsuigcry, and the placcntal clearance (I'C 0 ) was found to be 19.6 ± 1 ml/min-kg fetal weight (mean i: SEM) in seven animals. The FC« was also calculated from the total accumulation of infused ''C-urea in Ihe felus and liquors. The two methods agreed within ±5%. Since the primary route of fetal urea excretion is via the placenta, in the steady state the transplacental excretion rate approximates Ihe rate of fetal production and is about 1 g/24 hr-kg, a value in considerable excess of an adult animal's renal excretion of 0.2 g/24 hi'kg. The ability of the fetus to synthesi/e urea was confirmed by a marked rise in the urea production following an infusion of Nil, lactatc into the fetus. A large urea production rate in humans was suggested by Ihe urea concentration difference between felus and mother of 2.5 :± 0.2 g/100 ml (mean ± SEM) in 14 patients studied. If most of the urea produced is derived from ainino acids and/or protein, it would indicate that those compounds serve as a major metabolic fuel for the fetus and would support previous evidence that glucose utilization accounts for only !H)''.ii of the O a consumed by the fetal sheep. DR. GRISHAM: A more precise answer to your question will be covered in subspccialty section "Child Development II" by Dr. Elizabeth James. She is presenting the data on our study of the respiratory quotient (RQ) and glucose consumption by the sheep fetus. We give these figures on RQ for comparison with the findings of earlier investigators and not necessarily as an indicator of the metabolic fuels being utilized. As you imply, the interpretation of RQ is much more complex in a growing organism where a part of the carbon skeleton, of glucose, for example, may be incorporated in various synthetic pathways and the oxygen freed for other purposes.
Quebec, Canada): I would like to ask you whether you plan to do any studies on the alanine cycle. Cahill and others described the alanine cycle as a major source of carbon chain flux from peripheral to splanchnic tissues, for purposes of fuel metabolism and also for delivery of ammonia. Perhaps this would be of importance to your observations. DR. GRESIIAM: We arc extremely interested in the relative importance of individual amino acids in fetal nutrition and arc preparing to investigate specific amino acid concentration differences across the umbilical circulation. Hopefully, in the future, we will be able to define more precisely which amino acids arc more important to the developing fetus. Unfortunately, we have no information available at this time. RICHARD Ilosp. and Med. Clr., Xew York, N. Y. (Intr. by Laurence Finberg.) Iiascd on a retrospective clinical appraisal, minimal to absent jaundice among 50 infants born to heroin-addicted mothers was noted. The possible role of a narcotic modifying the normal metabolism of bilirubin in the neonatc was therefore considered. In a prospective study, 18 infants were evaluated over a 96-hr period by serial determinations of scrum bilirubin. Fourteen of these nconates manifested moderate to severe symptoms of the abstinence syndrome while four were mildly affected. Forty-nine bilirubin determinations were carried out and the mean bilirubin levels achieved were as follows: 24 hr, 3.7; 48 hr, 5.4; 72 hr, 5.4; 90 hr, 6.7 . These infants were free of any disease except for symptoms related to maternal heroin addiction. The normal excretory pathway for morphine is hepatic conjugation. Chronic narcotic use may stimulate the development of endoplasmic reticulum, enhance glucuronide conjugation, and so lower bilirubin values. To explore this possibility 75 adult male Swiss-Webster mice were addicted over 12 weeks, utilizing daily intraperitoncal injections of morphine sulfatc. Saline injections were administered to a control group. Animals from treated and control groups were sequentially killed and bilirubin glucuronyl transferase activity was determined in liver homogenates. A statistically significant increase in transfcra.se activity was noted in the addicted mice. These data suggest the possibility that low levels of bilirubiu in nconates with the abstinence syndrome result from the enhancement of glucuronyl transferasc activity through prolonged maternal heroin use. Children, Toronto, Ontario, Canada) : This is an interesting and important study. I want to ask a question which relates to the mechanism of jaundice in your newboins. There are probably live distinct steps in the handling of bilirubin by the hepatocyte: transfer through the cell membrane, intracellular transport to the site of glucuionidation, coupling with glucuronic acid, transport of bilirubin glucuronide to the site of excretion, and excretion from the cell through the cell membrane. With regard to this it would be important to know whether the blood levels of direct reacting bilirubin were elevated in your newborns. In this respect, using reliable methods, one would consider direct reacting bilirubin levels over 1.0 ing/100 ml abnormal, and levels over 2.0 mg/100 ml as very definitely abnormal.
Discussion

ANDREW SASS-KORTSAK (Ilosj). for Sick
DR. NATHENSON: NO, we did not have any babies in the group that we prospectively studied with significant amounts of direct reacting bilirubin. However, the total amounts of bilirubiu were also rather low. Most of the values of direct reacting bilirubin were less than 2 mg/100 nil.
Rum C. HARRIS (New York, N. Y.):
Is there a deleterious effect of the morphine on the animal livers? Was there any evidence of morphologic disturbance other than the rcticulum changes in relation to damage to the liver? DR. NATHENSON: NO. We did not observe this on electron microscopy.
DR. RARAKIS (h'ew York, X. Y.):
Did the control take the same medication, and did you check whether the mothers were addicted to other medication? DR. NATHENSON: Yes, the control infants were not on medication. To the best of our knowledge the mothers of the addicted infants were all heroin users, and we had no information that any of them had also used barbiturates.
DR. EATON (Montreal, Canada) : I was a little startled to learn of treating withdrawal symptoms in an infant from opiates with camphorated tincture of opium or paragoric. One would think that one would treat it directly with morphine intramuscularly or with methadone given by mouth.
That is not the point that I want to make, though. The point that I am interested in bringing across is whether this would be a real situation in the infant, because the dosages that you were using are great dosages, 250 nig morphine sulfate/ kg in your mice, whereas the standard therapeutic dose of morphine in an adult of 70 kg would be around 10-15 mg, for example.
In an addict it probably goes up higher, and what I was curious about was whether you had attempted to measure the actual morphine blood levels of the infant. DR. NATHENSON: NO, we did not attempt to measure morphine blood levels of the infants. I would point out, however, that in the mice studies, although the levels were quite appreciable, we began to see significant differences in the spread of glucuronyl trausferarc activity at levels that were somewhat lower. The ingestion of as much as (iOO ing iiiorphine/24 hr in adult addiction has been described. It is almost impossible to establish the (|iiautity of narcotic ingested by heroin users because of the wide variability of active material in the packets consumed.
AARON R. RAUSF. N (Mount Sinai Sell, of Med., New York, N. Y.) : Have you had the opportunity, either in the mouse or in man, to measure the residual hiliruhin-hiuding capacity of the plasma? DR. NATIIENSON: Yes. In one instance, residual bilirubin-hinding capacity was found to fall within normal limits when measured by the 2-liydroxyben/eiiea/oben/oic acid method. DAVID I.. INGRAM (Yale Univ. Sell, of Med., New Haven, Conn.) : Why did you compare adult mice with infants of mothers who had taken heroin, rather than injecting your morphine into pregnant mice and comparing the liver function in the fetal mice?
DK. NATIIENSON: These were still young mice whose base line iransfciase activity continued to increase during the period of study, hut, true, were considered adults nonetheless. We have considered addicting pregnant mice, but have not yet attempted this.
DR. COCIIRAN (Boston, Minx.) : One thing that interested us in our collaborative study was that the dysmature infant had a lower bilirubiii level than comparable infants of equal gestation.
Dill you take any other infants as controls who you thought were dysmatuie, but who had not had any morphine addiction in their mothers, and see what kind of levels they got? DK. N.VIHINSON: NO, we did not. We just analyzed term infants.
The "bronze baby," a complication of phototherapy. ARTHUR E. Ilii/ikins Univ., Baltimore, Md. A 1 170-g Caucasian infant was treated on days 4-6 of life by phototherapy for neonatal jaundice (bilirubin 8. D/21.1 nig/ 100 ml). She developed unusual complications: dark gray-brown discoloration of her skin, serum, and urine, and acute hemolysis. The biliiubin saturation index of her serum albumin on admission at day 7 was abnormally high and the spectral absorption curves of her serum and urine showed an increased absorbance from IIHO to 180 inn associated with the unusual pigment(s). The scrum transaminases were elevated and the stools became acholic. Medium-chain triglyceride feedings were necessary for proper weight gain. The serum bilirubin remained elevated for 3 weeks with 30% direct reacting. Complete hematologic studies were within normal limits. Erythrocytes from the patient and control subjects were suspended in vitro in 1.5.0 ing/100 ml solutions of biliiubin containing sufficient albumin to produce 0.5-2.0 M ratios of B/A and irradiated for 0.5-7 hr with blue lights. All cells exhibited classical photosensitized light and after-light osmolic hemolysis. Before hemolysis developed a cation leak of potassium occurred which was demonstrable within 30 mill of blue-light irradiation. The membrane injury was dependent upon Ihe presence of oxygen, light, and bilirubin. The rate of cation leak was dependent on the duration of light and the free biliiubin coiuentralion. These studies demonstrate that bilirubin itself is a photosensitizing agent and has photodynamic action. The results suggest that enough light may be transmitted through the skin of premature infants to oxidize circulating bilirubin and also induce photosensitized hemolysis by the biliiubin in erythrocyte membranes. In addition, if the photooxidation products of bilirubin are retained they may be injurious. I'niv. of I'ennont Coll. of Med., Burlington, Vt.) : Have you observed oilier infants with this syndrome? DR. KOPELMAN: Yes, we have. We have had two infants with this syndrome transferred to us in the past 1.5 years, the one presented and another, and we have had the opportunity to sec three similar infants in Baltimore hospitals during the past year.
Discussion
ROHIRI J. MCKAY (
We also have heard of a number of similar instances in other teaching institutions, all occurring following phototherapy.
DR. MCKAY: Did they all have evidence of obstructive hepatic disease?
DR. KOPEI.MAN: All had elevations of the direct reacting bilirubin before being placed under the light, except for one very small premature infant who was transfcrrced to us who had an intestinal obstruction secondary to mcconium ileus.
DR. MCKAY: This paper is of obvious interest, and has widespread implications. Dr. Kopelman has emphasized that caution should be exerted in applying light, particularly to babies with obstructive liver disease in the newborn period.
I have personally seen two such infants, both with obstructive liver disease, long before the days of phototherapy, back in the early 1950's, so that this is not something which has been observed only in conjunction with phototherapy.
Second, I would emphasize that the applicability of these studies to the phototherapy of indirectly hypcrbilirubinemic infants is limited, and that to date the experience has been that thousands of such infants have received phototherapy without apparent ill effect.
DR. KOPELMAN: YOU mention that infants with brown discoloration have been observed before the use of phototherapy. I think that we have seen several infants in which the association between the use of light and the brown discoloration appears to be well documented. I am not certain that the infants seen before light had the same sort of problem that the infants that we are seeing now following phototherapy have. In terms of the applicability to infants treated with phototherapy, I think that it is a big slep going from the laboratory bench to the in vivo situation, but I have pointed out some reasons why we think newborns might be unusually susceptible to photosensitized oxidations. Of particular importance is our observation and the observation reported by Blum that this type of reaction does not have any threshold in terms of the amount of light needed to cause the reaction. Cells that have a sensitizing agent in the membrane will be damaged by any amount of light. I think that the dangers may be subtle, or that they may be delayed, but I think that (hey need to be looked for.
JEROI.I) F. LUCEY (Univ. of I'ennont Coll. of Med., Burlington, 17.): It should be recognized and emphasized that this infant had liver disease with an elevated direct reacting bilirubin. When infants with liver disease are exposed to light they do develop a greenish, muddy brown color. This has long been recognized by clinicians lo occur in patients with biliary atrcsia, hepatitis, and biliary obstruction occurring in erylhroblastosis fetalis. This color change has not been observed by us in nearly 400 premature infants treated with phototherapy since 1%6. I do not believe this child's "anemia" to be unusual or caused by the light as you suggest. The fall in hematocrit on the 1st day of life from 52 to 42 is within the normal range. The late "anemia" observed was probably due to the sepsis, liver disease, or to the bloodletting (24 studies and about 30 ml withdrawn) which you subjected him to, coupled with the lack of iron therapy in the face of a very good weight gain.
You have not presented any acceptable evidence that the decreased binding capacity observed in this infant was due to phototherapy. There are other causes of a decreased binding capacity such as free fatty acids, bile salts, ampicillin, and perhaps even the Portogen formula.
I would also like to point out that the infant is normal on follow-up.
The amount of light used in your in vitro studies is from COO to 20 times the amount that one would expect to achieve in the tissues of a human infant. The conditions are certainly not comparable.
DR. KOPELMAN: Dr. Lucey said that he has observed this color change due to retention of some colored pigments in infants with liver disease or biliary atrcsia who were treated with light. These arc the colors that you get, but I am not sure that it is just an interesting color change, and there may be some consequences to consider.
These arc degradation products of bilirubin. Recently, Ostrow, in studies in the Gunn rat, has shown that the photooxidation products of bilirubin obtained during in vivo light treatment are different pigments from those obtained during the in vitro photooxidation of bilirubin in the test tube. Studies done by several people to date, which would suggest that photooxidation products are nontoxic, were all done with the in vitro preparations of photooxidation products of bilirubin; therefore, they may not give us any reassurance that it these pigments are retained, especially in high concentrations, they may not be dangerous.
The bilirubin saturation of the infant's albumin was very high. In this case the infant had a total bilirubin of 10 and saturation index by the salicylate displacement method of 6.3. During the 1st week at Hopkins the saturation index remained between G and 7, even as the bilirubin dropped.
In the other infant transferred to us (with intestinal obstruction), the infant had a total bilirubin concentration of 9 and a saturation index of 9. An exchange transfusion was performed at that time because of the elevated saturation index. I agree there are other possible explanations, but I think that it is quite suspicious that if these pigments are retained they may interfere with the binding of bilirubin to albumin.
The anemia, the actual drop in hcmalocrit from 52 to 42%, occurred within less than 24 hr, and the only blood drawing before that time was microsamples for bilirubin determinations. A large number of hematologic studies were done following the drop in licmatocrit.
I would say that, certainly, acute hemolysis has not been a striking finding in infants under the bililamps and, actually, having studied this phenomenon in vitro, we are not surprised by this. To get acute hemolysis in erythrocytcs you either need a very large amount of absorbed bilirubin in the membranes or you need a very large dose of light. What we would anticipate might occur in vivo is that smaller doses of light would damage the erythrocytc membranes, and there might be a delayed or after light hemolysis occurring at a slow rate.
What happens when erythrocytes are treated this way is that there is some shortening of the crythrocytc life span, and we would propose that the place to look for this would be in increased severity of the so-called physiologic anemia at 2 months or so of age, rather than acute hemolysis. I)K. I,L'RIN (Philadelphia, Penna): I would like to suggest that lipid peroxidation may be an etiologic factor in both the skin discoloration (ceroid pigment) and the hcmolytic anemia. In a child with biliary atresia, vitamin E levels are quite low. Phototherapy in the presence of a catalyst like billirubin may result in the release of free radicals and eventual lipid peroxidation.
The kinetics of potassium leak and membrane ATPase activity arc identical with the kinetics of vitamin E-dcficient cells incubated with a suitable oxidizing agent. Similar skin changes have also been noted in vitamin E-deficient animals exposed to oxidants.
Have you tested the effects of an antioxidant, such as vitamin E, on your in vitro system? DR. KOPELMAN: The only experiment performed was when we completely eliminated oxygen by passing carbon monoxide through the system, and completely inhibited both the potassium leak and hemolysis.
M. M. ORZALESI (Yale Univ. Sch. of Med., New Haven, Conn.): In 2.5 years of phototherapy in our institution we have only seen one such baby, and, indeed, it was a baby with a hepatoblastoma, severe hyperhemolysis, and a high direct reacting bilirubin. Therefore, I think that this tends to support the hypothesis that liver damage is a prerequisite for this type of complication.
The second comment concerns the erythrocytes. As you know, we have been performing experiments similar to yours, and we also have found that intense light will produce potassium leak, swelling of erythrocytcs, and hemolysis.
We also found that under sufficient light there was a drop in GSM in the erythrocytcs, which we have attributed to direct oxidation.
I want to point out, however, that all of these changes, in our hands, although significant, were minimal, and obtained under very extreme circumstances.
I would also like to point out some differences in our experimental setting. We avoided any manipulation of the erythrocytcs. We carefully checked the pH and temperature, and we also used erythrocytes suspended in their own plasma, which, of course is a much more physiologic milieu than the one used in your dilution technique. I wonder how these factors may explain the difference in our findings.
Do you think that plasma may exert a protective effect on the photooxidation?
The third point is that when we looked at the changes in vivo, in a controlled study of premature infants under prophylactic phototherapy for 6 days, measuring the levels of hematocrit, hemoglobin, and GSII, we could find no difference whatever between control and patient values. DR. KOPELMAN: Dr. Orzalesi, I think that plasma does have some inhibiting effect on this action. I mentioned that carotenes are naturally occurring quenchers of light, and some amino acids may also serve as quenchers, and might possibly even be photooxidized themselves.
We have done these experiments in human plasma to which bilirubin was added, and have obtained results similar to those I showed previously.
You mentioned that when you exposed cells to bilirubin and light you found only minimal changes. You will recall in the first slide that we also showed only minimal hemolysis after several hours of light exposure.
In this experimental situation there is a large delayed hemolysis which is easily documented 24 hr or so after the light, and I believe that you did not look for the delayed effect in your experiments. Hepatic thermograph) appears to be a simple and rapid method to monitor the liver in various disease states and should assist the physician in following the course of hepatic involvement. In fasting healthy children, the heat pattern was e«|iial in both upper abdominal quadrants. However, following the ingestion of a simple breakfast, there was a definite increase in heal over the right upper quadrant which was observed between 30 and 120 mill after food ingestion. A heat pattern compatible to that observed poslprandially in healthy children was seen in several children with various types of hepatic disease when single thermographs were taken at least 2 hr postprandially. There was increased righl upper quadrant heat emission in children with acute leukemia in exacerbation (but not in new remission) and in a child with chronic granulomatous disease of ihe liver. In fasted patients with acute viral hepatitis temperature changes were not as obvious. Thermal patterns different from those seen in ihe fasted normal child were detected in patients with chronic active liver disease, but the heat emission did not correlate well with the liver area (collateral circulation?). It was of great interest that a definite right upper quadrant heat emission was delected in patients with the idiopathic nephrotic syndrome (lipoid nephrosis), a disease in which the kidneys are thought to be allcclcd primarily; identical heat patterns were observed whether or not these patients received adrenal steroids. Results of these initial observations have to be substantiated by further sludies. DR. BOON: Any answer, of course, would be speculation. Since I do not know what the normal distribution of mottling is, for instance, I do not know whether this would be useful in mass screening of school children for chronic diseases. In relation to diagnostic aid to the physician, I can again point out that all our infants with neonatal hepatitis had a diffuse pattern, except the one patient with cytomegalovirus infection, while all patients with total biliary obstruction had only a vascular pattern. Because of the small number of patients in the biliary obstruction group, however, I do not know whether this relation will hold up. JEROME LIEBMAN (Cleveland Heights, O.): As a cardiologist, and clearly knowing nothing about thermography, I am really delighted to note from your pictures that all of your patients have warm hearts.
Discussion
MONTGOMERY C. HART (Children's Mercy IIosp., Kansas City, Mo.): About 1.5 years ago we had a brief, exciting opportunity lo use the same equipment that um have used. We were fascinated with the way out possibility lhat perhaps we could look at pulmonary blood flow changes by using this teclinique, and we Hied this, with notable failure.
But we did, incidentally, have one interesting patient, an infant with a coarctation and with what the neurologist clinically thought was a stroke. With this instrument we were able to show that one side of the skull exhibited decreased radiation, indicating that was the side of the vascular insufficiency.
My , and obstructive uropathy with chronic pyelonephritis (10) were the major causes of renal failure. Thirtysix allografts were from cadaver donors (CD), 13 of which were from patients <5 years of age and 11 were from live-related (LR) donors. Thirty-seven of the 44 patients and 32 of the 50 allografts are surviving 1 month-1 years posttransplantation. Seven of the CD allografts were second transplants of which five arc functioning. Of 28 allografts at risk for >1 year, 22 (79%) functioned for at least 1 year. Urcteral and/or bladder leaks occurred in 11 patients, four of whom had congenitally abnormal bladders. Healing occurred in 10 patients when the prcdnisone dosage was lowered. The frequency of urinary leaks has markedly diminished since the routine usage of urcteral splints was discontinued. Medical complications included hepatic dysfunction (5) presumably related to azalhioprine toxicity in four recipients; diabetes melliliis (2); prolonged aseptic febrile episodes (6) associated with cytomegalovirus infection (CMV) in four recipients; steroid cataracts (G); hypertension (8); stress fractures (C) requiring pinning in one patient; noncompliancc (5) leading to allograft loss in two recipients; herpes zoster (3); and CMV infection (10). Growth was observed in seven of 10 children whose bone age was <13 years at the time of transplantation and who survived >1 year with good allograft function. These results justify further investigation of this procedure for the treatment of end stage renal disease in children.
KENTON R. HOLDEN (NIH, liethesda, Md):
You presented ranges for patient and transplant survival, but do you have the mean patient and transplant survival data available? Was there a higher incidence of chronic rejection and nephrotic syndrome in the patients who had had glomerulonephritis as their original disease and/or was there a difference in the pathologic studies of those transplanted kidneys versus transplanted kidney failures from patients who had anatomic variants which caused their original disease? DR. FINE: The incidence of chronic rejection was no different, and the incidence of the clinical nephrotic syndrome did not differ in the two groups.
In addition, the pathologic studies of the rejected kidneys did not show any evidence of transmission of the primary disease in those patients whose original disease was glomerular in origin.
If you plot an actuarial : We have performed 24 transplants in Cincinnati and in general I can say that the experience has been a happy one. Our overall survival for both kidneys and recipients is 83%. The first patient in the series was transplanted 6 years ago and is still doing well. Our series differs from that of Dr. Fine in that all but two of the patients have had living donors.
A large number of our patients have been able to be maintained on a single dose of prednisone every other day rather than daily prednisone. This regimen has been profitable in that the patients have grown, probably better than they would have grown on daily prednisone. Further, the progress of cataracts which have developed on daily prednisone has been slowed by changing the patient to an every other day regimen and surgery on the cataracts has not been necessary. With several patients it has not been possible to convert to this regimen and possibly it would be more difficult in patients receiving cadaver kidneys. When it lias been possible, however, it has been to the patient's distinct advantage. I wonder whether Dr. Fine has experience with this regimen. DR. FINE: We have used every other day dosage for only one patient. We were not happy with our results, and, therefore, subsequently have not used this form for our other patients.
I have been somewhat loathe to embark upon every other day therapy, because I have seen patients at 2 and 3 years posttransplantation where lowering the dose of prednisone from 15 mg/24 hr to 12.5 mg/24 hr has precipitated an acute rejection, and, when you reverse the rejection, if you are fortunate enough to catch it early enough, you really never get the same function you had before even though you may get the serum creatinine down to 1.3 or 1.5. It is not down to 0.9 or 0.8, as it was before the rejection episode.
ROHERT SCIIULK (Rochester): You mentioned your patients' behavioral difficulties, and I wondered whether you had ever selected patients for transplant or dialysis in accordance with these factors. Have you ever turned down a patient for these reasons?
DR. FINE: When we embarked upon our program, and I asked Dr. Korsch to work with us, one of the prerequisites was that she would in no way have anything to do with deciding who was going to live and who was going to die. Your data showed that six of 11 children showed some or normal growth. On a previous slide, however, you also showed that there were six children who had poor function, and I assume that these children were on high doses of prednisone, and were not glowing very well.
We have been using every other day steroid therapy since the comments from Dr. West's group last year at this meeting. I think that we have transferred about a dozen children to every other day prednisone, and have seen normal growth in at least half of those children.
DR. FINE: I feel that every other day therapy may have some validity. I think the problem is: what is normal growth? I think this is a difficult question to answer when you have a child who may be significantly retarded in growth at the time that you transplant him. The recent introduction of fluorescent staining of chromosomes by Caspersson makes possible the identification of each member of the human complement. Translocations involving chromosomes of the C group, which heretofore could not be resolved in detail, can now be specifically analyzed. Two unrelated families ascertained through propositi with similar congenital malformations have been found to carry a morphologically identical translocation involving a C and a D chromosome [t(Cp-; Dp+)]. Fluorescence microscopy in one family identifies chromosome no. 9 as the translocated C chromosome. These propositi are thus trisomic for the short arm of chromosome no. 9. Both propositi exhibit severe mental retardation, oculomotor abnormalities, cup-shaped external ears, markedly hypoplastic phalanges of digits II and V, markedly hypoplastic finger-and toenails, and various bony abnormalities. Our experience indicates that trisomy (or monosomy) for portions of specific C group chromosomes will result in syndromes as definable as have been associated with aberrations of B, E, and G group chromosomes.
Discussion
ANDREW LORINCZ (Birmingham, Ala.):
We can now modify the microscope to function as a microspectrofluorophotometer, and we can apply this instrumentation to this kind of study.
What is the chemical interaction of chromosomal material that permits this differential fluorescence? The fluorescence that we can see visibly can be resolved by physical, chemical, optical techniques. DR. GERALD: Caspersson, who is an expert in micros|>cctio-photomctry, is busily engaged in exactly this practice.
R. II. YOUNG (Med. Coll. of Virginia, Richmond, Va.) : I would like to support your comments regarding the vulnerability of the short arm of the no. 9 chromosome. In 19G2 Drs. Edwards, I'raccaro, Davies, and I reported in the Annals of Human Genetics, 26: 163, a family in whom the father had a balanced reciprocal translocation with attachment of the short arm of the no. 9 chromosome to the long arm of a 1) chromosome. Karyotypcs on his only two children showed the 9/Ii translocation chromosome. They both showed severe mental retardation ami clinical findings which were very similar to the cases that you have just presented. We assumed from the chromosomal architecture that the translocalion involved the short arm of the no. 9 chromosome and the long arm of a group B chromosome. It would have been very helpful to have the fluorescent staining technique available at that time to assist in the identification of these chromosomes.
DR. GERALD: I might add that, if the original chromosome preparation were stained with Giemsa, it could be destained and now examined with fluorescence.
DR. Sun (Chicago, 111.) : Did you look for the absence of the palella in such a patient? DR. GERALD: These children can have small patcllas, according to I-ejeunc, so there is that connection. They do not have any of the other manifestations of nail-patcllar syndrome, such as radiosynostosis, so I would think it unlikely there is any real connection although one would be intrigued to search further for an association. DR. GIRAI.D: I may have confused you. There was no cardiac lesion present in these children, so (hat would differentiate it in my mind. We have not done either calcium balance studies or calcium determinations in our patients, nor have we looked at patients with idiopathic hypcrcalccmia. KENNLIII M. HOFFMAN (Univ. of Maryland, Jlaltimore, Md.) : Relative to your data that this was prevalent in certain racial backgrounds, I would be interested in the statistics to back this up.
DR. GERALD: lloth Dr. Walzer and Dr. Lubs have made a similar observation. Dr. Walzer has now looked at 7000 newborns, which include roughly 25% blacks, and in this total population he has found eight individuals who have this pcricentric inversion. Seven of the eight are black.
I have not done a chi-squarc test on this, but I have taken support from Dr. Lubs, who has found a similar excess in black populations of this inversion.
DR. HOFFMAN: I would think that consanguinity would play a part here. Has this also been evaluated in the other reports? DR. GERALD: YOU mean admixture of black genes in not obviously black individuals.
The whole problem of the definition of the race of an individual is extremely difficult. We used the degree of skin pigmentation to estimate race of origin. We have seen, now, one individual in our entire population who is white who happens to have the inversion. We have not been able to trace this family to see whether there is an admixture of blacks in them or not.
KENNETH Research Found., Cincinnati, (). "Abnormal lysosomes" visible by electron microscopy (EM) in liver biopsy specimens contained heteromorphous material in six patients with Ilurlcr's syndrome, and glycogen particles in eight patients with type II glycogenosis. EM of primary and secondary skin flbrohlast cultures of these patients revealed morphologically similar abnormal lysosomes in the cytoplasm of the fibroblasts. The vacuolcs could also be identified by light microscopy in 1 ^ thick sections of liver or of fibroblast cultures. When colloidal gold (100 jig/ml) was added to the culture media of six control fibroblast cultures, EM showed that the electrondense gold particles entered the cells by means of pinocylotic vesicles and then became segregated in lysosomes. In fibroblast cultures from the patients with Ilurlcr's syndrome or with type II glycogenosis the gold particles accumulated in the respective abnormal lysosomes. The results suggest that membranes surrounding abnormal lysosomes can fuse with membranes surrounding pinocytotic vesicles. Thus, contents of pinocytotic vesicles and of abnormal Ksosoines may become admixed. This mechanism might explain the normali/atiou of hepatic ultiastiuctiire observed in a patient with type II glycogenosis after he had received exogenous glycogen-degrading enzymes.
Plasma cstradiol in prcpubcrtal children, pubertal females, and in precocious puberty, premature thclarche, and in feminiz- The concentration of plasma estradiol (E : ) was determined, utilizing a radioimmunoassay, in 11 normal prepubertal children, 31 pubertal females, and five patients with precocious puberty, three with premature ihelarche, two with hypogonadism, and one with feminizing ovarian tumor. The sensitivity of the assay was in pg. Pooled male plasma values (n = 17, . v = 17.fi ± 0.8 SF. M pg/ml) by this method agree with previous reports. Using 2.0 ml plasma, 11 prepubertal children (2 months-9 years) had values of <10 pg/ml. A gradual rise in plasma E. was observed from stages II through IV (Tanner): stage II x = 14."> ± 3.1, stage III x = 20.2 ± 4.4, stage IV x = 54.fi ± 17.4 pg/ml. Mean plasma E 3 in eight menstruating females (llyio to lS 1 ?!-* years) was ,")8.."i ± 19.3 pg ml, not significantly different from stage IV. Mean values for stages II + III versus IV + V were x II-III = 17* ± 2.7, v IV-V = . r »fi.fi ± 12,(i pg/ml, /• = 0.00.1; these values also correlated with the rise in plasma KSII. In contrast, five pa-ticnts with idiopathic precocious puberty and three with premature thelarchc (3%2 t0 7 2 /l2 years) had plasma E 2 values from < 10-39 pg/ml. An 8-year-old girl with a granulosa cell tumor had a plasma E 2 of 413 pg/ml, which fell to 12 pg/ml 2 months after operation, with concomitant regression of secondary sexual characteristics. In patients with gonadal dysgenesis and functional anorchia, plasma E 2 was not different from the blank. These results indicate that plasma E a levels correlate with serum FSH and sexual development and that the method is useful for quantification of circulating estradiol in children.
Discussion
DR. PAGE (Portland):
The patient that you said had premature thelarchc had some estrogen effect noted on the vaginal smear? DR. JENNER: Yes, there was moderate estrogen effect. DR. PACE: All of us think that we have seen patients who have only breast development. Is it your opinion that what we call premature thelarche simply represents early sexual precocity that arrests, as so many of the more complete sexual precocity patients do, prior to the onset of generalized sexual development? DR. JENNER: It is interesting in this patient that 1 year following this episode there was hardly a nubbin of breast tissue palpable. We feel in this particular girl, at least, despite the fact that she was 7 years old, there was regression, and that the estrogen stimulation was probably transient. DONALD B. CHEEK (Johns Hopkins IIosp., Baltimore, Md.): You have correlated plasma cstrodiol with chronologic age during growth. This is not the best way to look at these data, since cstrodiol per se may be a powerful predictor of maturation age. Body length is a predictor of malurational age, and you would obtain a better correlation if you plotted your data against length (or height age). Actually, those of us interested in human growth know that certain determinants (be they anthropometric or chemical) predict maturational age. For example, in girls, body potassium ( <0 K) predicts developmental age better (ban body length (Cheek, Migeon, and Mcllils: In: Human Growth, p. 541 (Lea and Febigcr, Philadelphia)). Recently we have found that body length, bone age, and creatinine excretion if combined in a imiltivariatc equation predict maturational age in girls with a small standard deviation (Dorst, Mellits, and Cheek: Bone age: contribution to the prediction of maturational and biological age. J. Phys. Anthrop. (in press)). It may be that estrodiol would also be a significant component of such an equation. In any event, inspection of cstrodiol against the determinants mentioned might prove rewarding. The reason for preoccupation with "maturational age" is that one is in a position to assess "catch-up growth" or growth retardation in terms of time-or the effect of therapeutic treatment on growth retardation. The Tanner method for assessing stages of puberty docs not hold up in the USA.
I would like to know also whether your data correlate with body fat. A spurt in the growth of adipose tissue can be defined in the girl at puberty (Mellits and Check: Monogr. Soc. Res. Child Develop., 35: no. 7, 12 (1970) ), and a role for estradiol would not be unexpected in that direction.
Last, I would like to know whether you have investigated any girls with obesity. We find (Cheek el al.: Pediat. Res., 4: 2G8 (1970) ) that obese girls have increased lean body mass for body length but some have bone age advanced more than 2 years, excess muscle mass, and increased number of nuclei in their muscle mass, when body length is the base line. Their growth suggests a suppression of estrogens and an excess of androgens in circulation. The situation is in need of study.
DR. JENNER:
We have not measured the subcutaneous fat in the study just shown. We also have not looked at girls with obesity with regard to secretion of androgens or estrogens.
FREDERIC M. KENNY (Children's Hosp. of Pittsburgh, Pittsburgh, Penna.): Dr. Comacho and' his co-workers showed a fall in testosterone during hydroxyprogesterone seen in sexual precocity. I think that it would be interesting to know: did you find a fall in estrogen during that treatment of your girls? DR. JENNER: We have one patient to report on, and there was a significant fall in the plasma estradiol level.
JOHN F. CRIGLER, JR. (Children's Hosp., Boston, Mass.): In the use of tracer of estradiol, have you found any loss on the chromatograph in terms of transformation of that steroid at these very low levels? DR. JENNER: NO. We have had good recoveries, considering just the chromatographic step, so we had no suspicion that there was a breakdown into other steroid products. Forty-eight patients with DIC were observed. Diagnostic criteria included combinations of the following: thrombocytopenia, burr cells, decreased fibrinogen, factors II, V, VIII, prolonged thrombin time, and the presence of fibrin split products (FSP). Twenty-nine patients (60%) were under 1 month of age. In 32 patients (6G%) DIC was associated with sepsis; 23 were nconales. Other causes included the hemolytic-uremic syndrome, cavernous hcinangioma, sickle cell anemia, battered child syndrome, and ventricular-jugular shunts. Consistent laboratory findings included anemia (94%), thrombocytopenia (94%), positive FSP (86%), prolonged thrombin time (85%), factor II (85%), burr cells (82%), and low factor V (74%). Overall mortality was 64%. Neonatal mortality was 7fi%. Mortality in patients treated with heparin was 50%. Because o£ this high mortality, it would appear that only prompt recognition and treatment of those situations associated with DIC (e.g., birth asphyxia, severe acidosis, obstetric complications, premature rupture of membranes, T-E fistula, and bowel obstruction) will improve survival. These infants should have platelet counts and smears performed on admission. Prompt exchange transfusions with heparinized blood may prove beneficial. DIC is, in most instances, a manifestation of severe infection or profound illness. Prompt treatment of the primary disease will usually determine the patient's outcome.
Discussion
ANDREW SASS-KORTSAK (Hosp. for Sick Children, Toronto, Ontario, Canada) : Was the diagnosis of sepsis in your material always verified by positive blood cultures? Second, what percentage of your infants with sepsis verified by blood culture developed hemolysis and jaundice? DR. WIIAUN: In our study all ncwborns with sepsis had diagnosis proved by positive blood culture. These infants were in our neonatal unit which receives many referrals to our surgery department or to our cardiology department. Most of them had anemia (97%) with fragmentation (90%). Although you can see some minor degree of fragmentation of erytlirocytes in normal ncwborns, to some minimal degree, the ncwborns in this study usually had severe enough fragmentation and crythrocyte hemolysis to require transfusions. At the beginning of the .study some of them were merely treated with simple transfusions at the hands of the surgeon. Some of them were jaundiced but I do not have the percentage at hand. AKTUKO AIIALI.I (Long Island Jewish Hospital, Jamaica, S. V.): This paper confirms the reports that we have been making for a number of years regarding alterations found in .sick newhorus (hat bleed.
We have classified these cases as secondary hemorrhagic disease of the newborn, because, although we appreciated the importance of disseminated intravascular coagulation, we feel that there were some atypical factors.
First, even in the very severe cases with all of the typical findings of intravascular coagulation, liver damage was demonstrated on autopsy in a number of these cases. The coagulation findings tend to be atypical in many of these cases.
For instance, librinogen is frequently not low. Factor VIII remains high in many patients. Fibrin thrombi arc rather rare at autopsy in babies that show extensive hemorrhage.
For that reason, we believe that there are still other factors that contribute, and I feel that there is some reason to retain the term "secondary hemorrhagic disease of the newborn."
I feel, unfortunately, that we do not have any good parameters yet to diagnose the condition early. We have found in our material that most of the typical findings will not develop until the patient's condition has deteriorated rather markedly, and the condition is too far advanced.
DR. WIIAUN: If the diagnosis is really so obvious that the nurse on the ward can diagnose it, the child is too far gone even for therapy. GILBERT W. MELLINS {Coll. of Physicians and Surgeons, Columbia Univ., New York, N. Y.) : In order to assess the magnitude of the problem it would be helpful to know what percentage of your fatal cases had morphologic evidence of intravascular coagulation as compared with a group of fatal cases who did not have abnormal tests of hemostasis? DR. WIIAUN: I am afraid that an answer to that question is a little bit hard for me to come by, because I only saw the postmortem findings on the DIC children who died that were in my study. I do not have the ones who did not have DIC.
I apologi/e for the fact that this is a most inadequate answer, because in many of the cases, even at postmortem, there were very few with microthrombi, and there appeared to be no thrombosis, infarcts, or gangrene in 60% of those autopsied.
WOI.F ZUELZER (Children's Hosp. of Michigan, Detroit, Mich.) : You said that patients die of DIC associated with sepsis, and I would be inclined to turn this around, and say that patients arc dying of sepsis associated with DIC. The physiologic significance in terms of the outcome of the disease, it seems to me, is not too well established.
DR. WIIAUN: I think that I should underline what you have said about those dying with sepsis and DIC: I do not mean to imply that DIC is a disease. It is associated with an end stage, just before you get to rigor mortis.
The second point is that, in many of our children, whether a patient develops DIC or not depends on three different mechanisms going on in the body at the same time. There is a coagulation system, a fibrinolytic system, and a rcticuloeudothclial system to clear the body, the blood, either of these activated clotting products or the products of fibrinolytic degradation. What you arc going to find at postmortem is going to depend on which of those three systems was active or inactive. I do not know whether autopsy is going to be that helpful, because you are going to find some cases such as I referred to in the earlier part of the presentation. We had eight children, sonic of whom died, who had no evidence of gangrene, thrombosis, pctechiae, or bleeding. The only clue to possible DIC was that these children had a low platelet count. We zeroed in on these. As the study progressed, we were consulted at earlier and earlier points in time for that particular patient's disease. Initially, we were called in about 1 hr before the body was taken to the postmortem room, and by the time we came back with the results the child had expired. There were children who were severely septic, or acidotic, and very dehydrated, and they were bleeding from every orifice.
As time went on and the house staff became more experienced and erudite, we were called in earlier and earlier, to the point that now we seem to be doing coagulation studies on all trachcocsophagcal fistulac as they arc entering the front door of the hospital. JAMES J. CORRIGAN, JR. (Univ. of Arizona Coll. of Meil., Tucson, Ariz.): It is very important to realize that elevated levels of factor VIII, factor V, and liljiinogcn are a normal event in a patient who has fever or any type of inflammatory disease. For someone to reconstruct this and say that this may be due to a rebound from DIC and therefore go ahead and use heparin on that basis is really standing on very thin ice.
I would also emphasize that the use of hepariu is still investigational as you have already well pointed out. The proposed success that you had with heparin in some cases and the failures in others may be telling us that what we are looking at is not DIC, or that we are not using the right criteria for that diagnosis, or that perhaps the type of tlnoinbotic or consumptive process that is occurring is not treatable by heparin, for instance, like a primary vasculitic elTccl that you propose for the hemolylicmanic syndrome.
I would just like to underscore that you have to treat the primary initiating event if you ever expect to stop the DIC.
If you take the classical definition of DIC, that is, reduction of factors II, V, and VIII, hypfibrinogcncniia, thrombocytopenia, fibrinogen, platelets, with or without fibrin split products, how many of your patients had that? DR. WIIAUN: Most of the ones who were septic had classical DIC, as outlined in the criteria. As I went on to enlarge on my scoring system, if you only allot half-points to the rebound, you still cannot get enough points to make a diagnosis unless you have other tilings that are strongly supporting the diagnosis of DIC. Just half-points will not get you anywhere. We might have up to about five points, I think, but we will not get a diagnostic score of seven or greater. This is a sort of a tempest in a teapot. The primary difficulty with disseminated intravascular coagulation is: how do we diagnose it, and when do we diagnose it? We arc diagnosing it far too late at present. DR. WHAUN: The role of shock is important in the etiology of the manifestation of disseminated coagulation, and this would be treated under the heading of conservative therapy. The management of the acidosis and dehydration is very important. One should not sit back and wait for the coagulation studies while the child is rapidly deteriorating, with cyanosis and pallor and poor circulation. So one should really be right on top of the situation in the neonatal unit, where you have many sick nconates, to be monitoring each child all of the time. This is where the nursing staff may be able to help you. This effect has been passed. The cllcct is unaffected by heating cither the sera or the passage materials at 60° for 1 hr. The effect is prevented with human antisera to Australia antigen.
Control sera from normal individuals do not produce the effect.
These data will appear in mid-June in Science. We are currently doing further experiments to delineate whatever relations exist between this effect and the possible replication of serum hepatitis virus in tissue culture. DR. KRUCMAN: These observations by Dr. Carver and Dr. Seto are extremely important and I would like to congratulate them. I neglected to state, because I assumed that you all knew, that as of today, April 2'J, 1971, there has not been a single confirmed report of the cultivation of either hepatitis A or hepatitis B viruses.
I hope that this work, can be confirmed, because the solution of the hepatitis problem will be dependent on the successful cultivation of the hepatitis viruses in tissue culture, such as was done with poliomyelitis, measles, and rubella viruses.
CHARLES A. JANEWAY (Children's Hosp., Jioston, Mass.): Have you tried to demonstrate that the same phenomenon that you have shown for scrum hepatitis, in other words, heating for 1 nun at 100°, rendering the material noninfective, but retaining antigenicity, can be repeated for the type A epidemic hepatitis virus?
DR. KRUCMAN: The MS-1 scrum which contains hepatitis A virus was inactivated by boiling for 1 min. Unlike hepatitis 15 virus, however, it was not antigenic.
I believe the difference between the two results may, in part, be a quantitative phenomenon. It has been estimated that infectious scrum containing hepatitis-associated antigen may conlain 10 11 -10 13 viruslikc particles. It would be difficult to achieve this quantity by cultivation of poliomyelitis, measles, or rubella viruses. I believe that hepatitis A virus may prove to be similar to these conventional viruses in this respect. Hepatitis B virus is not a conventional virus. This is a phenomenon that is part of serum hepatitis, but in all probability it docs not occur with infectious hepatitis. DALE E. DIETZMAN (NIH, Bcthcsda, Mil.) : Many patients, as you know, have Australia antigen which is persistent in their serum, and some of these patients have simultaneous antibodies. Also, Dr. Purcell has reported that following transfusion patients developing Australia antibody were not protected against postlransfusion hepatitis.
Can you comment on the fact that antibody is not always protective against serum hepatitis? DR. KRUGMAN: At least two immunologically distinct types of hepatitis have been identified. It is possible that additional types will be recognized. Consequently, it is conceivable that these patients could have had antibody to viral hepatitis, type B, which did not protect them when exposed to another type of hepatitis. The recent reports about the existence of various hepatitis B subtypes may have some bearing on this problem.
Moreover, the available evidence indicates that immunity to hepatitis B infection may be partial rather than complete under certain circumstances. This phenomenon may occur when reinfection is caused by multiple transfusions of large quantities of infectious blood. In general, however, in our experience, the presence of antibody before exposure to our MS-2 strain of hepatitis B virus has been indicative of immunity to the disease. The RS virus produces serious respiratory tract disease in young infants; scrum antibody docs not protect against such disease. Based on evidence lliat local respiratory tract immunity plays a major part in resistance, attenuated RS virus strains have been developed for local administration. The first was a live 26" grown RS virus (strain A2). Thirty-nine infants and children, 0 months-13 years of age, received this virus by the oropharyngcal and nasopharyngeal route. The RS virus was recovered from 22 individuals and 17 of these showed a significant rise in CF and/or plaque reduction serum antibody. Twelve of those from uliom virus was recovered and an additional three from whom virus was not recovered showed a threefold or greater rise of RS nasal neutralizing activity. Thus 2G of the total showed some evidence of having been infected with the RS strain. The rate of infection was significantly greater in infants and children under 2 years of age than in older children. Infection in individuals older than 8 months of age was asymptomatic. Three infants infected with the vaccine strain had relatively minor respiratory tract illness. The findings from this study indicate that the low temperatine-adapted virus retains a low level of virulence which is expressed only in individuals undergoing primary infection. Nonetheless, these studies have shown that it is possible to induce local and systemic immune responses to RS virus by means other than fully virulent natural infection.
|(isirn \V. ST. GEMK, JR. (Harbor General Ilosp., Torranrr, Calif.) : It sounds as though you arc very close, particularly willi your concluding comments, to the development of a fully attenuated strain, particularly the IS mutant with the addition of a mutagen. I have several questions about the work that was presented with the present strain and the new.
Concerning particle size, is there some way of getting around residual virulence, the ability to replicate in the lower respiratory tract, by simply modifying, if you will, the biophysics ol the application of the near fully attenuated virus? Is there some way of restricting its distribution to the upper respiratory tract, rather than the lower respiratory tract?
With reference to the virus which you just mentioned in closing, did those youngsters develop only nasal antibody in the absence of serum antibody? The suggestion has been that some of the respiratory viruses which have been manipulated in this fashion replicate primarily in the upper respiratory tract and induce only or, rather, selectively nasal antibodies. The virus particles that find their way, cither because of their capacity to replicate at the higher temperature of the lower respiratory tract or because of their particle si/c, will induce, because of their availability to systemic immunopoiclic cells, serum antibody, rather than just nasal antibody.
Arc you very close to the development of a fully attenuated strain whidi will induce just local antibody, and consequently protect?
DR. 1'ARKorr: We constantly wonder whether, in fact, we need to have a fully attenuated strain. We think so. We think even a very mild cold in an infant undergoing immunization against bronchiolilis-brouchopncumonia is probably not acceptable. But if a fully attenuated vaccine is not found it might eventually be acceptable that a cold be exchanged for bronchiolitis or bronchopneumonia. Currently, our program goal is a vaccine which produces no illness in the infant.
With respect to the 10 who received the TS mutant, we do not yet have our data on nasal secretion antibody, so I cannot really answer your question. With the cold-adapted RS A2 strain, there was the induction of both scrum and nasal antibody. In the older children at least, we have to assume that the virus did not replicate extensively over the respiratory trad; nonetheless, there was serum antibody response. I would predict that there will be scrum and nasal secretion antibody response with the TS mutant. The big question with the TS mutant is the same as with RS A2-2G 0 : will there l>e illness in the infants? With respect to particle size, I think that it is unlikely that we have modified the viral particle size. If what you are referring to is the medium of administration, then, yes, I think, having found the appropriately attenuated virus, the method of administration may become important. As I understand it from those who are concerned, for example, with respiratory therapy in cystic fibrosis of the pancreas, the size of the medium which delivers whatever you want to deliver, namely, in this instance, the virus, can make a difference in the extent to which it would pass down the respiratory tract.
I would be a little afraid, if you had a virulent vims and all that you did in the process of immunization was limit delivery of virus to the nose, that you would still get into trouble. That is what happens with natural \irus. A sneeze puts it in I lie nose, and then it goes. Antibody response to rubella virus in serum and nasnpharyngcal secretions was studied in children following (/) natural infection (2) intranasal inoculation with live rubella vaccine (RA-27/3), or (?) paicnlcial administration of live inbella vaccine (I1PV-77DK/12). The techniques of hcmagglulination inhibition, density gradient cenlrifugation, and radioimmunodifTusion using M P-lal>clcd rubella virus as the antigen were employed to determine the antibody activity in 7G, 7A, and -yM ininuinoglobulins in scrum and secretions. Serum antibody responses following natural infection or immunization were approximately similar, and characterized by initial appearance of •yM, which was subsequently leplaced by -yG and to a smaller extent by y.\ antibody. Secretory antibody response following natural infection was characterized by regular appearance of y\ antibody in nasopharynx . *>-<> weeks after I lie onset of illness. No fall-off was observed in antibody levels for as long as 10 months. Intranasal inoculation with RA-27/3 elicited appreciable levels of y.\ rubella antibody in nasopharynx 4-G weeks after immunization. However, the tilers were two-to threefold lower than those observed after natural infection. No change was observed in antibody levels for 3-1 months after immunization. Significantly, little or no nasopharyngeal antibody response was detectable after parenteral immunization with HPV-77DK/12. A few children manifested transient rubella antibody responses in nasopharynx which disappeared within 1-2 months. These observations may explain the relatively poor nasopharyngeal immunity to reinfection with rubella virus observed in children previously immunized with parenlcrally administered rubella vaccine.
